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advanced southeastward, and nume,roiis snow squalls 
occurred wit,hin the air mass. 

The density relations for Cheyenne and Omaha :ire 
illustrated in figure 11. The soundings a t  Sc,ott Field, 
which would hare bee,n particularly interesting for this 
situation, were unfortunately not made, because of adverse 
flying c,onditions. However, the de.nsity curve,s for 
Cheyenne indicate less dense air on the 4th than had 
occupied the station on the 3rd. Some indication of 
the advance of t8he P, air aloft is given by the fact that 
the slopes of the curves on the 3rd and 4tmh tire such that 
the intersection occurs near the 5 lrm level. The hypo- 
thetical picture in figure 3D best illustrates t,hese densit,y 
relations. A very deep current of P, air invaded Cheyenne 
on tlie 5th, and the density curve for that day shows the 
t8he greatest density, level for level, of t,he. 3 days. 

The density relations for Omaha on t'lie 4th and 5t81i 
are especially significxmt. Denser air below 1,100 met,ers 
on the 5t,h indicates the depth of the P, current,. Between 
1,100 and 3,000 meters the current becomes less dense 
than the air tlint prevailed a t  these levels on the 4th. 
Above 3,000 meters denser air on the 5bh again prevails, 
compared with the corresponding levels on the 4 th. 
This crossing of the de.nsit,y curves aloft is peculiar to 
the pasmge of tlie upper c,old front and justifies the con- 
clusion as to its presence. 

J i q  I S ,  1030'. --This situ:Lltion was brought i,o tlic 
writer's at,t,ention by V-arren Vine of Aineric:in Airliiies, 
who, flying from hlurfreesboro t,o Wasllington bebweeri 
the lioma of 1 p. m. to 5 p. In., encountered "a line of 
high level t,liunderstorins over t'lie niountains." The liu;. 
of storms advanced re,giilarly east uxrd with n velocity 
c,oinparable bo t,hnt of t,he winds nloft. The bases ( i f  t!;v 
cumulus c,louds w r e  genernlly a.bove 8,000 feet', ;i.ii(.i 
lower clouds were enc,ounterecl only during showers. 

The synoptic situation is represented in figure 12. An 
upper cold front is present and virtually pa.riLllels tlw 
Appalachian chain. The intere,sting fr:itnre about this 
situation is that the upper front marks t,lw :i,dvance oi 
T, air as ta cold front. This c.onc1ition frequently obt,uins 
when To air comes in contact wit,h T, air. Tlie RI:irit'inir 
air is riding aloft over a very shdlow bhickness of highly 
modified P, air, and is displacing T, air that prevails 
nloft over the narrow wedge of old P, air. During the 

clay the air masses to the east of the upper cold front 
became considerably heated, and as the T, air invaded 
tmhe region a very unstable condition was produced. 
High-level thunderstorms developed during the afternoon 
with the advance of the upper front, and continued to 
accompany the front as it passed off the coastal regions 
(luring the evening. Tlie stoiins developecl in the ad- 
vancing T, air, as the T, air was much too dry to produce 
any thunderstorm activity. 

Figure 13 shows the density relations on May 17 and 
hlay IS for Selfridge Field, Wright Field, and hlurfrees- 
boro. The curves are not as distinctive as one might 
desire; but the fact that all t'hree stations show the 
advance of slightly denser air aloft, compared with that 
which prevailed at  the same levels on the 17th, furnishes 
significant evidence of an upper cold front. The very 
sllallow wedge of old P, air is shown on the curves for the 
Selfridge Field and Wright Field soundings. At approxi- 
mately 500 nieters the curves intersect each other, indi- 
cating that below this level the advancing air on the 18th 
was less dense than the air on the 17th. 

For nll practical purposes the T, cold front in this case 
may be considered as  a surface front; but it is to be pointed 
out that surface information does not clearly define the 
front, and this exaniple is a good illustration of the applica- 
bility of aerographic soundings to synopt'ic analysis. 
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UPPER-AIR COLD FRONTS IN NORTH AMERICA 
By STEPHEN LICHTBLAU 

[Weather Bureau, W:ishington, Decemher 193P.l 

Fronts aloft have long been recognized, but until re- 
cently very little attention has been given to them. In 
the United States much of the weather, especially in the 
colder months, is governed by such fronts as well as by 
surface fronts. Although as  many different types of 
fronts may exist aloft as a t  the surface, we find thnt o f  
the three t pes of fronts-namely, cold, warm, and oc- 

and it is by far the easiest to locate. Warm fronts nloft 
may occasional1 be located when they are accompanied 

meteorological elements, with the exception of precipita- 
tion, indicate gradual clianges rather than the abrupt 
changes found with the passage of cold fronts aloft. 

Occluded fronts are identified as such from their past 
history, if possible, or with the aid of airplane soundings; 
the soundings should show a trough of warm air in ncl- 
vance of the cold front aloft. However, many of the 
fronts designated as cold fronts aloft may in re'dity be 
occluded fronts aloft, since in many cases the history of 
such fronts moving eastward across the Pacific, where 

cluded-o IlT y tlie cold front has much significance aloft, 

by well define c r  synoptic phenomena; but usually the 

few repork are available, is quite vague. Furthermore, 
if there is a trough of warm sir associated with the cold 
front n.loft, it may neither be appa.rent in cloud and 
pre.c,ipitation forms nor fall within the network of air- 
plane souncliiig stat.ions; but occluded fronts aloft are in 
most cases so high that no significant error will orcli- 
narily accrue if such fronts are designated as cold fronts 
aloft. The following discussion is therefore limited to 
upper air cold fronts. 

FORMATION 

Cold front's aloft may in most cases be traced back to 
surface occlusions of the warm front type. One excep- 
tion occurs wit,h froiitogene,sis aloft above a shallow polar 
current, usua.lly of c,ontinent,al origin. The considera- 
tions for froiitoge,nesis are as applicable aloft as they are 
on the surface.' Anot,her exceptmion of a more complicated 
nat,ure occurs as a clevelopnient in the advmce portion 
of a deep polar current, in the form of a steepening of 
the slope of t,he polar wedge a t  some distance behind the 

1 Petterssm. Rverre Contrlbutm to the theory of Frontogenesis, Geofysiske Pub- 
Iihnqoner, ro l .  S I .  nu 6 
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surface front. This implies either a decrease in wind veloc- 
ity or a change in wind direction above the elevation 
where the slope steepens, in such a manner as to cause the 
lower portion of the air mass to advance more rapidly than 
the upper portion. The precipitation may a t  times be 
more pronounced with an upper air front formed in this 
manner than with the associated surface front. The 
reverse of the above process will explain the formation of 
most warm fronts aloft. 

These exceptions, while often important, occiir much 
less frequently than the cold fronts aloft, found with warm 
type occluded fronts. The two general regions for tlie 
Iorniation of occluded fronts of the latter nature, as  ftir 
as United States weather is concerned, are in the Pacific 
Ocean a t  varying distances from our coast (depending 
principally upon the location of the Aleutian LOW) and 
along the niountain ranges from Cidiforniit to S1:iska. 
When the occlusion of a warni sector of modifiecl Polar 
Maritime sir occurs at  some distance froni the coast we 
find, with the warm front type of occlusion, that the sur- 
face air is warmer to the west than to the east, wl~ich 
permits the air to the west to nscend over the colder 
weclge :is it moves eastwarcl. Aloft, however, in the iiir 
to the west we find low tenipertitures, sonietiiues esceed- 
ingly low with steep lapse rates that often approach the 
tlry adiabatic lnpse-rate clinracteristic of fresh out bre;il,s 
o f  Polar Pacific air.? 

The clingrams in figures I t i ,  I b ,  nncl I C  illustrnte the 
forma tion of occlusions of tlus type. Tlie surfwe occlu- 
sion which was originnlly the surface wtr111 front intiy 
advance slowly or even reinnin stritionary, \I hile tlie cold 
front advances rapidly over the shallo\v polar wedge. 
The separation of these fronts mtiy increase quite rapidly 
to a thousand miles or more. Also, the surface occlusion 
may have become insignificant froni a synoptic view- 
point, remaining near the west coast, while the upper air 
front has traversed half the distance or iiiore across the 
country, accompanied by considerable precipitation, the 
amounts of course depending upon the air masses en- 
countered. In some cases, when the Pacific analysis is 
incomplete or inaccurate because of insufficient reports 
from ships a t  sea, it is impossible to find the surfrtce front, 
especially if it is associated with a prominent upper cold 
front which has progressed far in advance of the siirfnce 
occlusion. 

The other general type of wariii front oc.c.lusion n hit-h 
forms along the western mountain rniiprs needs 110 LOW 
nor even a well-pronounced trough for its forinntion: 
East of the mountains is a shallow surface lttyer of  polar 
continental air which has been unable to spread westtvtird 
because of the natural barrier presented by the mouiit:l;lns. 
This P, air is usually very cold.g Above the P, is found 
I?, which has gone through varying stages of modification, 
usually by means of subsidence. Fresh I', air, with steep 
lapse rate, which conies in behind a surface cold front 
along the west coast, is colder than the modified P, air 
and displaces it while moving eastward and ascending the 
mountains. After reaching the P, air on the other side 
of the mountains it continues its movement as a colcl 
front aloft, above and without displacing this P, air, 
rather than as a surface front. The movement of such 
an upper air front will often be considerably accelerated 
after the retarding influence of the mountains has been 

I Byers. H.  R.  The Air Masses of the North Pacifle, Scripps Institute of Ocenn- 

* #exle, H. Cooling in the Lower Atmosphere and the Structure of Polar Contf- 
ogra hy Technical Geries. vol. 111, pp. 311-354. 

nental Air, MONTJ~LY WEATHER REVIEW, vol. 64, no. 4. 

overcome or left behind. dgrtin, as in the other general 
case, the cold front aloft may advance rapidly across the 
country while the surface occlusion or surface warm front 
advances slowly or even remains stationary. The dia- 
grams in figures 3a and 26 illustrate the formation of this 
type of occlusion. 

Other occlusions of the warm front type may form any- 
where over the continent.* With the type of warm front 
occlusion described by Wesler, however, the cold front 
often rernains in close proxiniity to the surface occlusion 
as it atlvnnces across the count'ry and seldom progresses 
so far ahead of the occlusion as in the other two types of 
cold fronts aloft. 

LIFE HISTORY 

The c,olcl front nloft Iiioves in most instances above a 
P, air mass of average depth approsimat'ely 2,000 meters 
in t,he United States. This dept8h may vary c,onsidernhly, 
froni zero at the surface c.old front' in the advnnce portion 
of t,he P, air mnss to  as 1nuc.h a.s 4,000 meters in the cent,ral 
port,ion under estrttorclinaiy circun~st~anc~es.~ Usually the 
cold front :i.loft, encounters lit,t,le resist8a.nce, a.ncl mores 
rapidly ~ ~ r o s s  t,he country wit81iout ever c.oniing down to 
the surince ; t )  ut, occasionally wa..ves :tncl (mydogenesis will 
occur dong t,lie front,, :m1 by disturbing the surfnce 
pressure field i m y  muse tlie front to be propagated t,o 
the surface. As a. rule cold front's aloft, with any diu- 
t urbnnces that, forin on them, remain aloft in the westerti 
port,ion of the country, and clesc.encl or are propa.e;:tt.ecl tu 
tdie surf:i.ce only after they pass the Mississippi River. 
The cold front :i.loft niag conie to t,he surface simply by 
overta.king t.lie surface cold front, :it the foivnrd portion 
of tdie P, current thn.t it  hat1 origina.lly siirmount,ed; in 
iiiost, suc.li cases, tlie t.wo fr0nt.s will then :i.d vmce :i.s one 
surfnce front wit,li the velocity of 61ie cold front a.loft,, but, 
sometimes nfter the cold front aloft overt,alies the sur- 
face front, it will c,ontinue to move as a surface front 
:incl increase its clistnnce from t81ie P, front,. Since tt 
tlescent, uf :iir over t,he forward port,ion of a politr w-ctlge 
riwessnrily iniplies subsitle,nce, it is apparent thlit the 
]ir.oc.ess just described could not be responsible for so 
iuuc~li precipit,:ttion ns hnrl ocmrred before t81ie be,gin- 
iiiug of the clescent; but, by accelerat'ing the P,: front, it 
could bring ahout lower t,empernt,ures niuc~h SOOIIPT t.11a.n 
the forecnst8er would expect if lie considered only the sur- 
face front. 

In coniparisoii with this process of simple descent,, we 
find t,ha t, a propng:it,ion clo~vnw~a.rd to t8he siirface is   no re 
c~oniplicstetl. The c,old front, aloft usually will bc propti- 
gutecl t.0 the surfa.ce when it conies over a surface pressiire 
t,rougli or field of conrergence. 'The trough or field of 
convergence wit,liout a. front I ~ V  already be a good region 
for frontogenesis, wit.11 winds having a. soil t'lierly coni- 
ponent on the eastern side and winds with a west,erly or 
eve,n northerly component on the weste,rn side. The 
winds associated with tbe cold front aloft are more a.ccen- 
tuat,ed on either side of the front and will show a well- 
marked t,rougli in the isobaric field a t  the top of the sur- 
face layer of cold air. When the pressure trough asso- 
ciated with the upper front beconies superimposed upon 
the surface pressure trough we find that ti surface cold 
front forms, with well-marked wind shifts a.nd ot,her 

4 Werler, H. 
VIEW, vol. 63. no. 7. 

8 Rezler, LOC. cit. 
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characteristics of such fronts. If vertical mixing has 
taken place, the surface cold front will be continuous with 
the upper front and there will be but one front. If little 
or no nixing has taken place, the cold front aloft will 
continue to advance aloft and will outstrip the surface 
cold front that it generated in the field of convergence. 
This type of frontogenesis, in contrast with the type 
which does not require the aid of a cold front aloft, can 
be anticipated much more confidently, because the progress 
of the cold front aloft can be followed quite accurately 
for sometime before it enters the region where fronto- 
genesis is likely. It is the opinion of the writer that in 
most instances surface frontogenesis over the North 
American continent occurs with the aid of upper air colcl 
fronts in the manner described above. 

Cyclogenesis, or the intensification of a LOW, will take 
place if the cold front aloft encounters a stagnant or slow- 
moving surface cyclone. The cyclone will intensify nncl 
move rapidly along the upper-air front, which then 
becomes a surface cold front sout,h of the center. Here 
again a knowledge of the movement of the cold front aloft 
is important to the forecaster. 

The movements of cold fronts aloft can be determined 
with fair accuracy because such fronts are affected by 
frictional influences to a less degree than are surface 

For example w-e often h d  in northwestern Canada two 
well-developed HIGHS separated by a trough, where on 
earlier maps there was but one HIGH. The previous his- 
tory of these HIGHS may not show a surface front in the 
trough, although there now are good indications of a cold 
front of some nature. The pressure tendencies west of 
the trough will show well-marked rises, while east of the 
trough the pressures are falling. This region, even with 
a well-developed trough, may not have a temperature 
distribut,ion in the low levels favorable for frontogenesis. 
If conditions are not favorable for frontogenesis, it is 
logical to conclude that if there is a front in the trough 
it niust be a cold front aloft which could have been traced 
back to the Pacific on previous maps had sufficient data 
been available. Such a histoxy could not be found for a 
front formed by frontogenesis in the Canadian North- 
west. If, on the other hand, conditions are favorable for 
frontogenesis, we find that a surface front will be formed 
and. will usually move slowly in this region, wllile a cold 
front aloft will continue its rnpicl movement. 

RECOGNITION AND EFFECTS 

A cold front aloft is at  times easily detected and located 
on the surface map, while at  other times its location be- 

I 1). I 

fronts. The 3-hour pressure tendencies and the 12-hour 
pressure change chart are more useful as qualitative rather 
than as quantitative indications of the movements of 
cold fronts aloft. Unfortunately kinematic computations, 
except in isolated cases, have little meaning, because the 
pressure field on the surface map is gorerned to a consider- 
able extent by the lower air. It is equally unfortunate 
that a cold front aloft in close proximity to a surface front 
will complicate the pressure tendency field to such an 
extent that rigid kinematic computations made ou the 
surface front will produce fallacious results. It has been 
found that the winds  aloft, when they are available, within 
the air mass behind the cold front aloft will give the most, 
reliable quantitative deterniinat#ion of the ino~-ement of 
the cold front aloft. 

It has been found that cold fronts aloft are sornetinies 
confused with fronts formed by frontogenesis, especially 
in regions where weather reporting stations are far apart. 

comes indefinite. If the processes of formation from 
occlusion have been observed, either over the Pacific 
Ocean or in the mountain regions, there is less difficulty in 
finding the c.old front aloft, since it is espected. Diffi- 
culties arise when t,he formation is not observed. We 
then become aware of the front either from upper air data 
or from surface indications. The cold front aloft will have 
little influence on the surface temperatures as long as it 
remains aloft. It is not unusual to find the surface air 
moving in a direction opposite to that of the air aloft 
behind the cold front. The surface isobars along the cold 
front aloft, will show a trough with no sharp discontinuities 
at, the front. 

Pressure tendewies afford the best clue for both the 
recognition and the deternlination of the progress of the 
cold front aloft. The forms of precipitation characteristic 
of P, air when it is unstable will be observed falling through 
the shallow surface P, air mass. In the advance portion 
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of the front there may be considerable precipitation if the 
air mass in advance is moist and is forced upward. The 
front then resembles a surface cold front in many respects, 
but cannot be s surface front because it moves against 
the surface gradient and consequently against the surface 
winds. Airplane observations not only substantiate, but 
often reveal, the existence of the cold front aloft before its 
effects are observed on the surface map. There is always 
an increase in potential temperature slid usually a well- 
marked temperature inversion at  the surface or zone of 
separation between the surface air and the air above which 
has come in behind the colcl front aloft. Also the cold air 
aloft contrasts sharply with the wanner air which it is 
displacing. 

The foregoing discussion has been limited to  the simple 
cases which occur during the colder months of the year, 
when cold fronts aloft are most frequent and most promi- 
nent. Such fronts do exist throughout the year, and may 
involve the juxtaposition of any group of air masses. The 
only condition necessary is that the lower air mass have 
at  all elevations a greater density than the upper air niabs. 

The exceedingly cold air behind the front in Montana can 
be nothing but P, which is part of the same air mass that 
is found east of the front in the Dakotas, Nebraska, 
Kansas, and Oklahoma. 

Three airplane observations made on this day-one a t  
Spokane a t  4 a. ni., one a t  Seatt,le a t  noon, and one a t  
Cheyenne a t  4 a. m.-conc,lusively demonstrate the exist- 
ence nnd progress of the cold front nloft. The tempera- 
tures at all levels a t  Spokane and a t  Seattle dropped as 
m w h  as 16’ C. at  4,000 meters during the previous 
34 hours, while the changes n t  Cheyenne, in advance of 
the front, were negligible in that pe.riod. At Spoliane the 
very low temperature of -40’ C. was observed a t  5,300 
meters. Seattle, where the observation was taken S hours 
later, had somew-hat higher temperatures because a t  that 
time it must have been in the renr and warmer portion 
of the P, air mass. In figure 7 the t80p of the surfwe P, 
air mass is marked a t  Spokane by :in isothermal layer 
throughout which the winds shift from NE. to NW. with 
increasing elevation ; while a t  Se,att81e t,he P, air is limited 
to t,he top of the isothermal layer a t  ambout 2,600 niet8ers. 

FIGURE 3.-Vertical section, SpOk8!10-F8rgO. 

In  the summer months it is not unusual to find warn1 moist 
Tropical Maritime air behind a cold front aloft. In such 
a case the surface air inass is a modified Polar air mass, 
while very warn1 “Superior” air is found over the Polar air 
in advance of the T, front aloft. An interesting situation 
of this na.ture is discussed in the contribution by €3. 
Holzman ixi this issue of the REVIEW, p. 400. 

EXAMPLE 

A well-developed cold front aloft appeared on the 8 
a. m. map of February 13, 1936. Although this partic.ular 
front was not well marked on previous maps, its movement 
could be observed after it formed from a warm front 
occlusion in the Gulf of Alaska. Even a cursory examina- 
tion of the pressure tendemies on the 8 a. m. map of 
February 13 indicates a front of some nature, with Williston 
and Rapid City on one side and Bismarck and Valentine 
on the other side; and an inspection of previous maps 
shows that the front had been moving eastward against 
the prevailing surface pressure gradient. There is little 
difference in temperature on either side of this front. 

Unfortunatelv. no aimlane observation was made a t  
Bilhngs on this day. A 

Sout8h of this front there is another cold front aloft, 
which came in on the coast from the Pac.ific as a surface 
P, cold front nnd became a front aloft after surmounting 
the shallow N,, air mass ahead of the occluded front. 
The nature m d  progress of this cold front aloft had been 
detected and followed by indic.ntions from surface data, 
since no airplane observations w-ere available a t  that 
time in that region. Again the principal evidence lies 
in the pressure tendencies a t  Grand Junction on one side 
of the front, and a t  Cheye.nne, Denver, Pueblo, and 
Santa Fe on the other side. It is inte,resting to note the 
thunderstorms that occurred a t  Salt Lake City, Phoenix? 
and San Diego in conjunction with t8he front while it was 
still a surface front. These two cold fronts aloft are 
associated with two different air masses, with the one to 
the north much colder. It is merely a c0inc.idenc.e that 
the P, surface front lies in the region where the two P, 
air masses are in juxtaposition aloft. 

The schematic vertical cross sections in figures 3, 4, 5, 
and 6 are presented in order to enable one to visualize a 
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map. The thunderst,orms mc-1 the hrge aiiiouiit,s of pre- 
cipitat.ion in the Southwest show t,hat such an air mass 
must have been present in advance of the P, front,. The 
cross section through Spokane, Cheyenne, and Oma,tin 
(fig. 7) shows this air to be apparent in conjunction with 
the ahostratus clouds; and such an air mass is indica.t,ed 
u t  high levels in t8he vicinity of Billings, 

reportetl a.t8 some of the stations. 'The prec,ipitation far 
in n.drn.ncn is not, n.ssociat,ed with either of the P, fronts, 
nor with the warm nioist N,: air mass, but rather m-i th  a 
frontal system centered in Illinois. 

On the nest map o€ this series (2 p. m., Feb. 13),  we 
have little trouble finding the fronts. Observe the rapid 
moveme,nts of both cold fronts aloft, and the progress of 
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the P, front at Lander where the temperature dropped 
44' F. in 6 hours. The occluded front associated with 
the southern P, front has moved more rapidly than the 
front aloft; this is explained by the considerable turbulence 
and consequent mixing within and between the sha,llow 
N,, air and the P, air above it and is substantiated by 
the heavy dust reported a t  El Paso, where there has bwn 
a front passage, and a t  Amarillo still in the N,, air. Tlie 
mising between the shallow N,, air and the P, air above 
tlestroys t,he front bet'ween them and displaces the surfa.ce 
front to the east where the N,, air is deeper and less mising 
occurs. Suc,h nk&g brings the potentially warmer air 
from higher levels down to the surface. In  comparing t,he 
temperatures on either side of this occluded front it must 
be remembered that the stations to the west are a t  a much 
higher elevation than those to the east of the front, and 
that the lapse rate within the N,, air after midday must 
be very close t'o the dry adiabatic and may even be slightly 
in escess of t)he dry adiabatic close to the surface. 

On the 8 p. ni. nisp the same rapid movements c m -  
tinne. The n0rthe.m cold front daft cont'inues as suc.h 
aboi-e t8he P, air, and is fast a,ppronching the surface P, 
crvld front wluch has had litt.le movement on previous 
maps. The movement of the southern cold front aloft is 
very well shown by t,he thunderstorm which occurred a.t 
Abilene between 5 and 6 p. m., and another one a t  Dallas 
which be,gan a.t 7 p. in. and is cont'inuing a t  the time of 
the obscrvat,ion. It is interesting to not,e the temperature 
chmpes during the day a t  Goodland, Kans. Goodland 
n.t, 8 a. m. was in the P, air wit'li a temperature of,3'*F. 
By 2 p. m. Goodlancl had been passed by the almost, 
st,ationary warm front, with a resulting rise in tempe,ra- 
tiire of 44' F. By 8 p. in. the temperature there dropped 
to 0' F., and we agnin find Goodland in the P, air which 
has moved southward along with the rapidly moving P, 
c.old front aloft. On the 8 p. m. map the fronts on the 
extreme eastern portmion of t,he map, which have been 
complicated by an active cyclone along the east coast,, 
me omittecl since they do not ente.r into this particular 
discussion. 

The 2 8.. m. map of February 14 again shows the rapid 
advance of the cold fronts aloft; the northern one has 
now a.lmost overtaken the slow moving surface P, front. 
h warm front aloft has been int,rocluced south of Cleve- 
land, indicating a ve.ry shallow 1a.yer of colder air between 
it  and the surface warm front. The efTect,ive warm front 
is actually the upper front, where the slope of the cold air 
steepens and in advance of which we see t,he grente,st 
pressure falls and precipitation. The t>emperature incroasc. 
OCCIIIS behind the surface m-arm front. 

On t'he 8 a. m. map of the same day we find thn.t t,lw 
nort,hern cold front doft  has overtaken the surface Pc 
front, and there is only one front, which is moving more 
rapidly tha,n the Y, front had moved a t  m y  time during 
its history over the United States. The, rapid movenie,nt 
continued for 12 hours, after which the st8ructure of t,he 
front changed appreciably uhen it bscame influenced by 
other air masses in a region of considerable act,ivity along 
the east coast. The nort8hern Dart, of the front, which is 

still designated as a cold front aloft is now in a region 
whic.h is well adapted for frontogenesis because there 1s 
now :I, favorable diwontinuity in temperature a t  the sur- 
fuce on either side of the projected position of the front, 
aloft. Frontogenesis did occar, and on later maps the 
front, aloft wa.s designated as a surface front. 

The nir behind the southern P, front aloft has wn.rmetl 
I!y subsidence to such an e,stent thn.t it has found D O  
tiifficult,g in going over tmhe highly modiiied shallow polar 
air at  the surface in t,he Southeast and displacing t'he 
Tropical hfaritime air aloft and in adva.nce of the P, 
front,. Again bhe passage of the front is well marked by 
t,hunderstorms at  Shreveport, New Orleans, and Pensa- 
COIR.. The front c,ontimied on M e r  maps as  a c.c?ld front 
daft with its att,endnn t bhunde,rstoniis. 

I 
FIbLHE 5. 

-1 composite m n p  showing the movements of the P, 
cold fronts aloft a t  the 5,000-footz level is given in figure 
8. The 5,000-foot pressures available for the western part 
of the country at  stations where the recluction to the 
5,000-foot level does not involve a difl'erence in elevation 
of more t8han 1,500 feet, and the available winds at  6,000 
feet, were used for the determination of the location of 
the fronts in each 6-hour period. The positions of the 
northern front closely approximate the positions given on 
the corresponding surface maps, while the positions of 
the southern front fall behind the surface positions in the 
later stages which indicates only a slow mcreaee in the 
depth of the southern P, air mass as one goes westward. 
These fronts are not shown after 8 p. m. because they fall 
outside of the network of stations thnt reported 5,000-foot 

L . . . . _ _ _ _  _ _  pressures. 
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